Kinematics is the branch of classical mechanics which describes the motion of points, bodies (objects) and systems of bodies (groups of objects) without consideration of the causes of motion [1, 2] . At the laboratory, the study of kinematics is performed with instruments such as optoelectronic devices that have the advantage of providing high accuracy in tracking markers [3] . Nevertheless, they also have the disadvantage of being expensive, with a complex configuration and procedures that require an expert technician. Moreover, they ) speeds. During the test, the active marker for MW and a passive marker for video analysis were recorded simultaneously with the two devices. The displacement of the marker on the two axes (x-y) was computed using two different programs, Kinovea 0.8.15 and CoreMeter, for the camera and MW, respectively. Pearson correlation was acceptable (x-axis r≥0.734 and y-axis r≥0.684), and Bland-Altman plots of the walking speeds showed an average error of 0.24±0.52% and 1.5±0.91% for the x-and y-axis, respectively. The difference of running speeds showed average errors of 0.67±0.33% and 1.26±0.33% for the x-and y-axes, respectively. These results demonstrate that the two measures are similar from both the x-and the y-axis perspective. In conclusion, these findings suggest that the MarkWiiR is a valid and reliable tool to assess the kinematics of an active marker during walking and running gaits. 
INTRODUCTION
sibility to study its kinematics. Hence, the aim of the present study was to validate the MarkWiiR TM , comparing it with high-frequency video analysis, while studying the spatial displacement of the malleolus marker during walking and running at different speeds.
MATERIALS AND METHODS

Participants.
Ten male students took part in the study (age 24.7±3.9
years; body mass 60.1±7.6 kg, height 1.68±0.09 m; BMI 21.1±2.0 kg·m -2 ). After being informed of the procedures, methods, benefits, and possible risks involved in the study, each participant reviewed and signed an informed consent form prior to participation in the study, in accordance with the ethical standards. The investigation was approved by the Institutional Review Board Ethics Committee.
Experimental setting
All the participants were in good general health conditions at the time of the study and they performed the test in only one session.
All participants wore running shoes and performed a standardized 8-min walking warm-up at 3.5 km·h -1 [19] on a treadmill (Technogym XT Pro 600; Gambettola, Italy) at 0% slope. After the warm-up, the experiment started with the subjects walking at different speeds from 1 to 6 km·h -1 (1, 2, 3, 4, 5, and 6 km·h -1
) and running from 10 to 13 km·h -1 (10, 11, 12 , and 13 km·h from the sagittal plane of the subject [21] .
Data collection and analysis
The reference marker displacement was detected by a High-Speed Camera (Casio FH20, Japan) with an acquisition sampling frequen- 
Statistical analysis
To investigate the statistical agreement between the two devices the Pearson product moment correlation and Bland-Altman plots were used [24] . Moreover, the following variables were calculated: the bias, defined as the mean difference between MW signal [25] and the video signal; the imprecision, defined as the standard deviation of the difference between the MW signal and the video signal; the upper and lower limits of agreement, and the Z-score of the bias.
The statistical agreement between the two signals was fixed to 1.96, which is the approximate value of the 97.5 percentile point of the normal distribution used in probability and statistics. Subsequently the same statistical approach was applied putting together the walking speeds and the running speeds and finally the same statistical approach was performed adding together all the speeds. Standard error of measurement (SEM) was calculated to assess the concurrent validity between the MW and the video analysis. Moreover, the effect size (Cohen's d) was computed [26] using the standard deviation of the difference between signals over the standard deviation of the video signal.
RESULTS
All the participants were able to complete the experiment and the results of the displacement of a marker on two axes (x and y) extracted from two different devices are reported in Tables 1 and 2 . ) and overall mean of speeds (Locomotion).
The Bland-Altman plots are provided in Figure 2 . Both devices showed excellent overlapping of the marker displacement across speeds (an example is reported in Figure 3 ) with a modest to excellent correlation (x-axis ≥ 0.734; y-axis ≥ 0.684), small bias (x-axis ≤1%; yaxis ≤ 2.7%) and small imprecision (x-axis ≤ 2.1%; y-axis ≤ 2.3%). 
DISCUSSION
The present study provided a valid replacement method to the classical video analysis. The Wii-Remote TM and a new active marker "MarkWiiR TM ", allow one to study the kinematics of a marker during locomotion. In this regard, the MW exhibits excellent concurrent validity with a video analysis. The criterion or construct validity [27] assessed with the correlation between the two measurements was higher than 0.7 and acceptable [23] . An overall 20% SEM gives an idea of the accuracy of the mean and the effect size of the SEM was very low (ES<0.1) [26] . These results show that the two measures are similar and could therefore be used interchangeably.
The concurrent validity, examined with Bland-Altman plots, showed a very low bias for each of the studied speeds ( Figure 2 ).
This variability was very low considering together the walking (≤ New device for footstep analysis suggests that it is a satisfactory device for assessing a marker displacement during locomotion (from walking to 13 km·h -1 speed running). The imprecision between the two measurements was low (< 2.3%) and the z-value of each speed, except three speeds (1 and 2 km·h -1 for the x-axis, and 6 km·h -1 for the y-axis), was up to one standard deviation; hence the two measures were different even when the bias was very small. Comparing these results with the spatial error of the video analysis (x-axis = 1.26% and y-axis = 0.96%) for the x-axis the MW error was lower while for the y-axis it was 2.8 times bigger. This disagreement between measures can be justified considering the error introduced by the spatial resolution of the video analysis. Indeed, the x bias between measures was less than 1.26%, while for the y bias it was a little higher than 0.95%.
Besides, the time spent by the researcher (with expertise of 5 years)
related to the data analysis of each subject was about 1.5 hours.
This is time-consuming with respect to the real-time method provided by the MW, which does not require any post-exercise analysis.
Therefore, the MW showed also the advantage of decreasing the data analysis process.
This kinematic measurement tool should also be validated against optotronic instruments. It should also be validated for potential use with more than one active marker. In essence, the use of this technol- 
CONCLUSIONS
In conclusion, the results of the present study are promising. Indeed, the MW is inexpensive and it is accurate in measuring the marker displacement in locomotion. This allows a number of new applications in the field of kinematics, in rehabilitation and any field where it is required to track the displacement of a segment. The MW has the potential to 'bridge the gap' between laboratory testing and field testing. Many physical therapists, trainers, sports coaches and athletes require devices that can measure kinematics in 2D (i.e., walk, race-walk, run, pedalling, clean and jerk). Consequently, the MW and the custom-made software are useful to visualize the kinematics during some training activities, which could engender improvements in evidence-based training. This new methodological "real time / live" approach shortens data collection times; therefore MW is favourable compared to a simple video analysis.
